During outdoor storage of large quantities of wood fuels, hydrocarbons are emitted into air in gas phase and leached out into the ground by precipitation. To investigate to what extent these emissions have environmental or health effects, sampling has been done on wood chip piles in an existing terminal storage situated in the south of Sweden, north east of Va¨xjo¨. Sampling was done by solid phase microextraction (SPME) and analyzed on a gas chromatograph equipped with a mass spectrometer. The storage period, during which sampling was performed, stretches from June through January, a total of 200 days. Sampling was performed at 7 occasions. The results show that emissions into air increases when the temperature directly above the pile increases. The temperature above the pile decrease with the ambient temperature, up until September for the forest residue and October for the bark and root reducing wood chips, when the temperature above the pile suddenly increases. This could be due to the ambient temperature, the storage time or microbial activity.
Introduction
The major part of the biofuels is directly transported to the thermal power plants and combusted within a few days. There is a need for a buffer for when no wood is being chipped, for example, during major holidays or during the breaking up of the frost in the ground when heavy transports are not allowed on the small roads in the forests. Approximately 10% of the yearly production in Sweden is stored 5-10 months, but almost twice that amount passes through a storage terminal for a shorter period.
Transports longer than 50-100 km are not economically or environmentally viable, which means that the terminals must be placed near the power plants. This communities where there is an existing asphalted area, for instance a closed down factory of some kind. This results in people living close by complaining about odors and being worried if the emitted compounds are hazardous. There has also been a concern regarding fungal spores released from the storage.
There is a substance loss due to chemical and microbial decomposition of the biofuel during storage. Parameters influencing the storage are:
Moisture content. Type of material. Age of the material. Size of the material.
There is very limited knowledge today about the release of hydrocarbons including terpenes during the storage of wood biofuels and thereby about the health effects or environmental impact. There have been a number of investigations, many Swedish, about the storage, but these have mainly focused on the substance loss or moisture-and temperature profiles within the piles during the storage [1] [2] [3] [4] [5] [6] .
Some health effects from terpene exposure are:
Irritation to skin, eye and mucus membranes. Allergic and non-allergic contact dermatitis. Increased bronchial reactivity. Alveolar inflammation. Chronic lung function impairment. Acute changes in the upper and lower airway. Chest tightness. Inflammatory effects in the respiratory tract.
There have been a number of investigations on terpene levels and exposure in occupational environments such as sawmills, carpentries and joinery shops. The exposure measurements show large variations, the limits are sometimes exceeded, and sometimes not [7] [8] [9] [10] [11] [12] [13] .
Many independent studies have shown an increased intensity of asthma, non-asthmatic airflow obstruction, upper and respiratory problems and sino-nasal cancer with exposure of softwood dust or monoterpenes [14] [15] [16] .
The formation of ground level ozone and photochemical oxidants also results in health effects. The two main effects are irritation of eye and mucus, caused by secondary products such as aldehydes, and diminished respiration.
In the present work, the emission of terpenes into air and precipitation from different biomasses during storage was investigated. Solid phase microextraction (SPME) fibers were used for sampling, and analysis was performed using a gas chromatograph (GC) equipped with a mass spectrometer (MS).
Experimental section

Biomass samples
Air emission samples were taken on two different stored materials during a storage period of 200 days. The biomasses were bark/wood chips and forest residue chips, from soft wood, approximately 80% Pinus Sylvestris and 20% Picea Abies. The biomasses were stored in large piles, approximately 7 m high and 50-m long. The piles were not intact during the sampling period, fuel for district heating was collected from them, but the samples were taken from the intact end of the piles. Leachate samples were taken at two occasions, in September and October.
Chemical and material
The SPME holder and SPME-coating fiber 100 mm polydimethylsiloxane (PDMS) from Supelco were used in the sampling of emitted hydrocarbon compounds.
Characterization methods
The emissions from the stored biomasses were analyzed on a Varian Saturn 2000 GC equipped with a Saturn II ion trap MS detector. Chromatographic separations were performed using a Chrompack CP-Sil 8 capillary column (30 m Â 0.25 mm I.D. Â 0.25-mm film). An initial splitless injection was used for the first 5 min, followed by split injection (ratio 1/100) for the remainder of the GC program. When a sample was injected, the oven temperature was kept constant at 30 1C for 5 min, then increased to 110 1C (with a temperature increment of 20 1C/min) and held for 5 min, then increased further to 160 1C (at 10 1C/ min increment) and held for 5 min, then to 280 1C (at 20 1C/min) and held for 5 min.Helium was used as a carrier gas, with a flow rate of 1 ml/min, the injector temperature was 250 1C. The mass spectrum was obtained using an electron impact of 70 eV, with a filament emission current of 30 mA, a mass range of 40-650 amu, and a scan rate of 2-scans/s.
Sampling procedure
The SPME experiments were performed using a manual SPME device with a 100-mm PDMS fiber assembly from Supelco. The SPME fibers were conditioned by inserting them into the GC injector according to the manufacturer's instructions. The fiber was exposed directly above (1 mm) the pile of stored biomass for 10 min. After exposure, the fiber was transported to the laboratory and thermally desorbed for 5 min at 250 1C in the injection port of a GC. Sampling was performed at 7 occasions. Double samples were taken, but some of the double samples were lost due to breakage of the fiber.
The leachate was collected in September and October after days of high precipitation, there was enough leachate at the bottom of the pile to collect 1 l from the ground. The temperature was measured at the same position as the SPME fiber was placed, as close to the material of the pile as possible, approximately 1 mm.
The ambient temperature and the precipitation were measured on each sampling occasion, approximately every other week. The attempt to measure the precipitation on the site failed when the temperature dropped below freezing, and was also possibly not completely accurate during the warmest periods of the summer. The precipitation data were taken from IVL Swedish Environmental Research Institute, Aneboda, not far from the site. The successful precipitation measurements in the beginning were compared to the ones from IVL and were found to correspond.
Results and discussion
Temperature and precipitation
The total precipitation during the sampling period was 435 mm. Fig. 1 shows the precipitation during the sampling period.
The temperature 1 mm above the piles was measured on each sampling occasion. Fig. 2 shows the temperature variation in the ambient air and above the two piles. The temperature 1 mm above the piles follows the ambient temperature, except for in November where the temperature above the piles is higher than expected. This could be due to microbial activity as a result of a longer period of large precipitation.
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Emissions to air
The emissions from the bark/wood chips pile, Fig. 3 , are high in the middle of the storage period and low in the beginning and end of the period. The emissions in September do not follow this trend; the emissions were lower. Horizontal bars display variation of replicates. The microbial activity in the wood chips pile was not considered in this work, however, there seems to be a correlation between the amount of precipitation and the emission levels. This is more obvious for the bark/wood chips, which is more sensitive for precipitation than the forest residues since the particle size of the material is smaller and the bark material is very porous. These are factors that also strongly affect any microbial growth.
The emissions from the forest residue, Fig. 4 , are also high in the middle of the storage period and low in the beginning and end of the period. The emission level drops to a really low value already in November. Horizontal bars display variation of replicates.
Both the piles have the highest emissions in the autumn, October-November for the bark/wood chips pile, and September-October for the forest residue pile.
Emissions to water
Samples of leachate have been taken at two occasions, in September and in October. The leachate was qualitatively analyzed using SPME and GC-MS. The leachate from the bark/wood chips pile in September is more different from the leachate in October than the leachate from the forest residue pile in September. A sample from the bark/wood chips pile was analyzed for PAH, Table 1 . The analysis was performed by IVL Swedish Environmental Research Institute. The result was 27.27 mg PAH per litre. There were some difficulties to collect as much leachate as 1 l, even 
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Conclusions
The storage period, during which sampling was performed, stretches from June through January, a total of 200 days. The emissions from both the bark/wood chips pile and the forest residue pile were low for the first 2-3 months of storage. The results show that emissions into air increases when the temperature 1 mm above the pile increases. The temperature above the pile decrease with the ambient temperature, up until September for the forest residue and October for the bark and root reducing wood chips, when the temperature above the pile suddenly increases. This could be due to the ambient temperature, the storage time or microbial activity.
The emissions increase with the amount of precipitation; this is however more true for the bark/wood chips pile. This can be interpreted as the bark/wood chips pile being more sensitive to precipitation than the forest residue pile.
The PAH content in the leachate, 27.27 mg/l, does not seem to be in the range where it might give large effects on the environment, however, this needs further investigation.
If the temperature increase that gives rise to the emission increase could be correlated to microbial activity, substance loss and self-heating might be possible to avoid. 
